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Summary 
 
A first-order regression model was applied to the excess chemical concentrations1and 
estimated time of deposition in the Lower Passaic River, in order to determine a common 
half-life for legacy contaminated sediments. The data used in the model came from the 
high resolution cores in the Lower Passaic River and concentrations observed for the 
external sources. The chemicals included in the model were: trans-chlordane, 2,3,7,8-
TCDD, Total PCB, 4,4’-DDE, Mercury, Lead, and Copper. The results of the analysis 
indicate a common decay process2 for these sediments at an average half-life of ~ 35 
years. The 95 percent confidence interval for this common half life is from 27 to 48 
years.  Although only seven chemicals were included in the model, this result also applies 
to other particle reactive contaminants in the Lower Passaic River that have a significant 
resuspension source term.  
 
Objectives 
 

• Determine whether the chemical specific decay rates or half-lives on the excess 
concentrations are similar (i.e., no significant difference amongst them). 

• Estimate the common decay rate for the excess concentrations in legacy sediment 
in the Lower Passaic River, along with the associated confidence interval. 

 
 
Methods 
 

• The chemicals included in the analysis were: trans-chlordane, 2,3,7,8-TCDD, 
Total PCB, 4,4’-DDE, Mercury, Lead, and Copper. 

• High-resolution core data from 1980 to 2007 were used in the analysis. 

                                                 
1 Excess chemical concentrations were defined as the Lower Passaic sediment concentrations less the 
concentrations from the external sources.  
2 The term decay is used here to quantify the net processes that result in the decline of chemical 
concentrations over time as observed in the high resolution cores. 
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• A multiple regression analysis was conducted to determine the similarities and 
difference amongst the half-lives of the various chemicals. This model combined 
the excess concentrations and time of deposition for all the chemicals. In addition, 
it included indicator variables for the chemical type, and allowed for interaction 
effects between deposition time and chemical type. The first-order regression 
model used was: 

 

 +  
 

Where: 
 = natural logarithm of the excess chemical concentrations (i.e., 

high resolution core concentrations less external levels from head of tide, 
tributaries and CSO/SWOs) 

 
  = regression coefficients 
  
   = estimated deposition time from high resolution core dating 
 
   = indicator variable = 1 if chemical is trans-chlordane, 0 otherwise 
  
   = indicator variable = 1 if chemical is Total PCB, 0 otherwise 
  
   = indicator variable = 1 if chemical is 4,4’-DDE, 0 otherwise 
  
   = indicator variable = 1 if chemical is mercury, 0 otherwise 
  
   = indicator variable = 1 if chemical is cupper, 0 otherwise 
  
   = indicator variable = 1 if chemical is lead, 0 otherwise 
  

,  = interactions effects between 
time of deposition and chemical type  

   
Although there are seven chemicals, only six indicators were included (indicator 
variable for 2,3,7,8-TCDD not included). In the statistical theory of qualitative 
predictor variables, a qualitative variable of c classes is always represented by c-1 
indicators variables to avoid computational difficulties. In this application, the 
regression for 2,3,7,8-TCDD can be represented by all other indicator values being 
equal to zero. Note that the exclusion of the 2,3,7,8-TCDD does not affect model 
results. If the indicator variable of any the other chemicals modeled was excluded, the 
same regression results will be obtained.  

 
• If the regression coefficients of the interaction terms are not statistically 

significant, then it can be concluded that the regression lines between natural 
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logarithm of excess concentrations versus time for the individual chemicals are 
parallel, and that a common decay process occurs.  

 
Results 
 
Table 1 presents the regression output for the first order model described above. A 
statistically significant model was obtained (p <0.001 from Analysis of Variance results,). 
The most important finding from this regression analysis is that the interaction terms are 
not significant (p > 0.05). Therefore, the individual chemical regressions are parallel and 
there is a common decay process for the legacy contaminated sediments in the Lower 
Passaic River. This legacy sediment represents the resuspension source that is the 
dominant contribution for most chemicals. Note that the residuals of this regression 
satisfy the regression assumptions of normality and homogeneity of variance. 
 
Given that a common decay process exist for the Lower Passaic River excess legacy 
chemical concentrations, a second regression run was conducted to estimate the common 
decay rate and corresponding half-life. For this regression run, the interaction terms 
which are not statistically significant were dropped from the regression equation. Table 2 
and Figure 1 present the results for this reduced regression output. This reduced model 
and all the regression coefficients are statistically significant (p < 0.0001), and the 
chemical specific regressions lines are approximately parallel. The residuals of this 
reduced regression satisfy the regression assumptions of normality and homogeneity of 
variance. The regression coefficient for the time of deposition ( ) under the reduced 
regression model, which represents the common decay rate is -0.02 (Table 2). This 
common decay rate corresponds to a half life of ~35 years. Using the standard error and 
t-values from Table 2 for , the 95 percent confidence interval for  is -0.026 to -0.014. 
The corresponding common half-life confidence interval is 27 to 48 years. 
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Table 1: Regression results with interaction terms 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Regression results without interaction terms 
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Figure 2: Illustration of natural logarithm of observed excess chemical concentration, 
time of deposition and fitted Regression Function. 

 


